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Abstract
Variations in animal coloration have intrigued evolutionary biologists for a long time. 
Among the observed pigmentation polymorphisms, melanism has been reported in 
multiple organisms (influencing several biological factors), and classical hypothesis has 
suggested that such variant can present adaptive advantages under certain ecological 
conditions. In leopards (Panthera pardus) and jaguars (Panthera onca), melanism is caused 
by recessive and dominant mutations in the ASIP and MC1R genes, respectively. This 
chapter is focused on melanism in these two species, aiming to analyze its geographic 
pattern. About 623 leopard and 980 jaguar records that were used as baseline for model-
ing and statistical analyses were obtained. The frequency of melanism was 10% for both 
species. In leopards, melanism was present in five subspecies and strongly associated 
with moist forests, especially in Southeast Asia. In jaguars, melanism was totally absent 
from open and periodically flooded landscapes; in contrast, forests displayed a frequency 
that was similar to the expectations. The analyses of the environmental predictors sug-
gest a relevant role for factors such as moisture and temperature. These observations sup-
port the hypothesis that melanism in big cats is not a neutral polymorphism (influenced 
by natural selection), leading to a nonrandom geographic distribution of this coloration 
phenotype.
Keywords: natural selection, geographic distribution, black panther, phenotypes, biomes
1. Introduction
The adaptive relevance of animal coloration has been explored and discussed for over a 
century (e.g., [1–4]). Pigmentation phenotypes have often been inferred to present adap-
tive roles in ecological, physiological, and/or behavioral processes such as camouflage, 
intra- and interspecific communication, and thermoregulation [3–6]. The broad phenotypic 
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variation of vertebrates observed in nature is one of the questions that have long intrigued 
evolutionary biologists, including its adaptive significance and genetic basis. Despite the 
interest in the subject, relatively few studies have addressed the association between phe-
notypes in natural populations and the environments in which organisms occur, aiming 
to investigate evolutionary processes involved in the generation and maintenance of col-
oration diversity and the environmental characteristics that influence the adaptive signifi-
cance of phenotypes [7–9].
Melanism is a color polymorphism that is common in various groups of organisms, in which 
the skin/fur/plumage is darker than what would be considered the normal or “wild” phe-
notype. There are classical hypotheses that postulate an adaptive role of melanism in differ-
ent species, involving many potential impacts on survival or reproduction [4–6, 10]. Several 
biological factors such as thermoregulation, susceptibility, or response to disease, camou-
flage, aposematism, sexual selection, and reproductive success could be directly influenced 
by melanism [5].
The occurrence of melanism is rather common in Felidae, having been documented in 13 of 
the 38 felid species, evolved independently at least eight times within the family [11–13], in 
some cases reaching very high frequencies in natural populations [14, 15]. In none of them 
has it reached fixation, but rather always exists as a polymorphic phenotype, and it is present 
only in two species of Panthera: the leopard (P. pardus) and the jaguar (P. onca) in contrast of 
the spotted wild phenotype present in these species. These observations support the hypoth-
esis that melanism can provide an adaptive advantage in certain ecological conditions [6, 16], 
and exists the hypothesis of an association between darker individuals and wetter areas with 
dense vegetation (e.g., tropical forests) [1, 4, 10, 17]. In addition, there have also been sugges-
tions of the potential for negative selection against dark individuals in open areas where the 
sunlight/radiation levels and mean temperatures are high [5, 10, 17, 18]. These hypotheses 
have been commonly mentioned in the technical literature as anecdotal postulates and also 
appeared in the popular culture for some time.
The leopard is the largest spotted cat in Africa and Asia [19] and an important extant repre-
sentative of genus Panthera [19, 20]. Its historical distribution is the broadest among all felids 
(from the Russian far east to Africa), encompassing a diverse array of habitats, from deserts 
to rainforests, and from the humid tropics to temperate zones [19]. In contrast, the jaguar 
(Panthera onca) is the largest wild cat in the Americas, and the only extant representative of 
genus Panthera in the New World [19]. Its current distribution stretches over 18 nations, from 
the southern United States to Argentina [21].
Although variant pigmentation phenotypes in vertebrates are caused by several genes [5], in 
the case of leopards it has been shown that melanism is induced by a recessively inherited 
mutation in the ASIP (agouti signaling protein) gene, which leads to a nonsense mutation pre-
dicted completely ablate ASIP function and thus induce black pigmentation [12]. In other hand, 
melanism in jaguars is inherited as a dominant trait, caused by a 15-base-pair deletion in the 
MC1R gene that leads to a “gain of function” mutation favoring the production of dark melanin 
(eumelanin) in the background regions of the coat [11, 22]. Although the trait has been well 
known in these species for many years and easily identifiable in nature (e.g., [15, 17, 23–26]), its 
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geographic distributions, as well as the environmental factors that may influence its persistence 
in natural populations, are being discovered recently [26–29].
This chapter presents the geographic distribution of melanism in P. pardus and P. onca in 
nature, as well as the response to environmental predictors aiming to evaluate the adaptive 
relevance of this phenotype. There were considered and tested two alternative hypotheses: 
(1) melanism present throughout the species’ distribution, occurring randomly across all 
environments (i.e., the absence of association with different landscape conformations) and (2) 
melanism distributed according to biogeographic constraints.
2. Methods
2.1. Species database
The data set comprised location records points from the entire historical range of leopards 
(Figure 1) and jaguars (Figure 2), encompassing various biomes (e.g., moist and dry forests, 
grasslands and desert areas). These records were obtained from five different sources: (1) 
Figure 1. Location of melanistic and nonmelanistic leopard records, overlaid on a map of terrestrial biomes (based on 
Ref. [30]).
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individuals kept in scientific collections that possessed information on the geographic coor-
dinates of the sampling location as well as on coat color (or, preferably, available skin for 
direct assessment and photographic documentation of coat color); (2) individuals captured 
or found dead during field ecology studies; (3) field-collected fecal samples whose melanism 
status could be confidently inferred using a molecular assay (following [22]); (4) camera trap 
records; and (5) samples available in online databases with precise geographic origin and 
available source information.
Figure 2. Location of melanistic and nonmelanistic jaguar records, overlaid on a map of terrestrial biomes (based on 
Ref. [30]).
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Location records of individuals confirmed to be melanistic or nonmelanistic were used in 
the statistical analyses based on the frequency of these phenotypes for both species. As there 
was no type of bias in our records with respect to coloration phenotype (i.e., sampling was 
random with regard to coat color), it was assumed that the frequency in which melanism 
appears in the total data set represents the overall frequency in the species, which provided a 
null hypothesis against which we tested potential deviations in different regions.
2.2. Environmental predictors
The occurrence of different phenotypes throughout leopard and jaguar distributions was 
mapped by building a database of location records of melanistic and nonmelanistic indi-
viduals. All the records were converted into degree coordinates, using the WGS84 standard 
reference system. Additionally, biome and terrestrial ecoregion shapefiles [30] were used 
as mask layers to extract and analyze information about natural landscapes in which the 
phenotypes occur.
For modeling the potential distribution of melanism, in the initial analysis we considered 
37 explanatory environmental predictors and landscape data that covered 100% of leopards 
and jaguars known distributions International Union for Conservation of Nature (IUCN) 
data. We used 35 environmental variables obtained from the Worldclim (http://www.
worldclim.org) and Climond (http://www.climond.org) databases: annual mean temper-
ature (Bio01), mean diurnal temperature range (Bio02), isothermality (Bio03), temperature 
seasonality (Bio04), max temperature of warmest week (Bio05), min temperature of coldest 
week (Bio06), temperature annual range (Bio07), mean temperature of wettest quarter (Bio08), 
mean temperature of driest quarter (Bio09), mean temperature of warmest quarter (Bio10), 
mean temperature of coldest quarter (Bio11), annual precipitation (Bio12), precipitation of 
wettest week (Bio13), precipitation of driest week (Bio14), precipitation seasonality (Bio15), 
precipitation of wettest quarter (Bio16), precipitation of driest quarter (Bio17), precipitation 
of warmest quarter (Bio18), precipitation of coldest quarter (Bio19), annual mean radiation 
(Bio20), highest weekly radiation (Bio21), lowest weekly radiation (Bio22), radiation season-
ality (Bio23), radiation of wettest quarter (Bio24), radiation of driest quarter (Bio25), radia-
tion of warmest quarter (Bio26), radiation of coldest quarter (Bio27), annual mean moisture 
index (Bio28), highest weekly moisture index (Bio29), lowest weekly moisture index (Bio30), 
moisture index seasonality (Bio31), mean moisture index of wettest quarter (Bio32), mean 
moisture index of driest quarter (Bio33), mean moisture index of warmest quarter (Bio34), 
and mean moisture index of coldest quarter (Bio35). In addition, we included data on alti-
tude (obtained from the SRTM [http://www2.jpl.nasa.gov/srtm]) as well as on landscape 
surface cover (obtained from ESA GlobCover Project 2009 [http://due.esrin.esa.int/page_
globcover.php]). All variables were used at a fine (~1 km) spatial resolution.
Since correlation among explanatory predictors can lead to model overfitting, we computed 
Pearson’s correlation coefficient (r) between each pair of variables [31–33]. The correlation was 
assessed by extracting predictor information from 10,000 unique and randomly generated 
points within the present geographic distribution layer of both species (obtained from IUCN 
and complemented with our own database records). Then, the predictors that were not highly 
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correlated to each other were selected, using r = 0.7 as the cutoff value, assuming that they 
are sufficient for modeling the geographic distribution of these species, and the distribution 
of melanism within it.
2.3. Modeling procedures and statistical analyses
The models for the overall distribution of leopards and jaguars and the spatial distribution 
of melanism were generated using the maximum entropy algorithm implemented in the 
software Maxent [34] along with associated statistical tools [35–38]. The total set of location 
records divided by each phenotype for both species, 70% of which were used for training 
and 30% for testing the models, was employed. The data were sampled using the bootstrap 
routine of 10 random partitions with replacement [39]. All runs were configured in random 
seed, convergence threshold of 1E-5 with 500 iterations and 10,000 hidden background points 
[40]. Model performance was assessed by the AUC (area under curve) value for the receiver 
operating characteristic (ROC curve) and the binomial probability [39, 41], aiming to obtain 
models of continental-scale distribution of distinct phenotypes.
The statistical analysis of record distribution for each biome was performed using the chi-
square test with Fisher correction [42]. The basic approach was to test differences between the 
observed and expected frequencies of melanism for each different ecoregion. As there was no 
detected bias with respect to the sampling of different phenotypes at any location (i.e., our 
sampling was random in regard to coat color), we used the overall frequency of melanism 
across the whole range to generate the expected number of melanistic records per biome.
3. Results
3.1. Leopards
About 623 leopard samples, comprising 556 nonmelanistic individuals and 67 melanistic indi-
viduals (Figure 1), providing a broad coverage of the known leopard current range, were 
obtained. Melanism presented a global frequency of 10.75% across the species’ range, with 
regional frequencies varying among different landscapes (biomes and ecoregions). The con-
firmed presence of melanistic leopards was recorded only in five of the nine valid subspe-
cies (Figure 3): Africa (P. p. pardus), Central India, Nepal, and Bhutan (P. P. fusca), Sri Lanka 
(P. p. kotiya), Southeast Asia (P. p. delacouri), and Java (P. p. melas). All of these regions contained 
new records for areas in which melanism had been previously described, as well as represen-
tation of additional areas. Melanism was absent in the leopard subspecies occurring in the 
Russian Far East (P. p. orientalis), Central China (P. p. japonensis), Arabian Peninsula (P. p. nimr), 
and Middle East (P. p. saxicolor).
Although leopards were found in more than 100 ecoregions, melanism was most common in 
tropical and subtropical moist forests (59 of 67 records), especially in the Indian Ghats, Javan 
forests, Kayah-Karen/Tenasserim forests (Southeast Asia), and Peninsular Malaysian rain for-
ests (Southeast Asia). All of these records were consistent with high suitability of occurrence 
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in the model for melanistic leopards (Figure 4). Differences among biomes were significant, 
especially in tropical and subtropical moist broadleaf forests, where 30% of the animals were 
black, which is almost three times more than expected if melanism were an evenly distributed 
neutral polymorphism. In contrast, the frequency of melanism was significantly lower than 
expected in deserts/xeric shrublands, temperate broadleaf and mixed forests, as well as tropi-
cal/subtropical grasslands, savannas, and shrublands.
Niche models were considered satisfactory (AUC ≥ 0.9): nonmelanistic model (AUC training 
= 0.926, test = 0.924) and melanism (AUC training = 0.976, test = 0.963). Control and melanism-
predicted distributions generated through niche models are presented in Figure 4A and B. 
This assessment allowed a comparison between the overall range of leopards and the pres-
ence of melanistic animals, showing regional enrichment for this variant in some areas, as 
well as its absence in many others. When were analyzed the environmental variables that 
were most influential on the models, we observed that predictors related to moisture to have 
the largest effect.
3.2. Jaguars
About 980 jaguar samples, 884 of which were nonmelanistic individuals and 96 were melanis-
tic animals, were obtained. The overall frequency of melanism was 9.80% across the species’ 
range. Intriguingly, almost the same frequency expected for leopards. Most of the records of 
melanistic animals (92 in total) were located in South America. Moreover, all regions that had 
previously been reported as potential sites of melanistic jaguar occurrence in different biomes 
Figure 3. Location records database of leopards, divided by each valid subspecies (based on Uphyrkina et al. [55], with 
information about IUCN conservation status (NT = near threatened, VU = vulnerable, EN = endangered, and CR = 
critically endangered).
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of Brazil were corroborated by this study, especially the Amazon and Cerrado areas (states of 
Amazonas, Pará, Mato Grosso, Goiás, and Minas Gerais; see Ref. [43]) and Caatinga (Serra da 
Capivara National Park [44, 45]). Additionally, new records were obtained for areas where 
there were no previous reports of melanistic animals (Colombia, Peru, Ecuador, and Costa 
Rica). When the presence of melanism across regions was assessed, we observed marked 
Figure 4. Potential distribution maps of the two coloration phenotypes analyzed in this study: (A) distribution of 
nonmelanistic leopards and (B) distribution of melanistic leopards. Photos: Andrew Stein and Bruce Kekule.
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differences in its frequency among distinct biomes and ecoregions. For example, melanism 
can reach high frequencies in a single ecoregion, such as the Alto Paraná Atlantic Forest, 
Cerrado, and Caatinga (inside the Brazilian territory), whereas can present a complete lack 
in the Pantanal and Llanos (implying a significantly lower frequency of this phenotype in 
these regions).
Niche models generated here were considered satisfactory (AUC ≥ 0.9): nonmelanistic model 
(AUC training = 0.949, test = 0.941) and melanistic model (AUC training = 0.978, test = 0.955). 
The nonmelanistic model provided a good fit to know the present broad distribution model 
for jaguars in the Americas, indicating that it provides a suitable baseline against which to 
compare the melanism model (Figure 5A). The melanism model showed some similarities 
with the control model, but also some important differences, especially the low suitable habi-
tats for occurrence in the Pantanal and Llanos ecoregions (Figure 3B). When were analyzed 
the environmental variables that were most influential on the models, we observed that pre-
dictors related to mean temperatures have the largest effect.
4. Discussion
The combination of statistical techniques associated with geoprocessing data has been used 
for some time in predictive models of ecology [47], especially in ecological niche models in the 
context of macroecological analysis [37, 41, 48, 49]. The models shown in Figures 3 and 5 were 
Figure 5. Potential distribution maps of the two coloration phenotypes analyzed in this study: (A) distribution of 
nonmelanistic jaguars and (B) distribution of melanistic jaguars. The species is considered almost as panmictic 
population [46] and near threatened by IUCN. Photos: Edsel Amorim Jr. and Leandro Silveira.
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designed to provide an analysis of the relative influence of environmental predictors on the 
geographic distribution of melanism in big cats. The main differences between nonmelanistic 
and melanistic models were restricted to predictors (moisture and temperature) related to 
thermoregulation in natural habitats, suggesting that the presence (or frequency) of melanism 
in panthers may be regulated by climatic features.
For a character to be recognized as adaptive, it must be derived and involved in the response 
to a selective agent [50], and in this context, it is interesting to determine if a polymorphism 
deviates from equilibrium expectations [51]. To elucidate biological issues related to mela-
nism in natural populations and assess the relevance of different adaptive phenotypes, it is 
necessary to consider the relative importance of genetic drift and natural selection on the 
dynamics of different phenotypes in distinct landscapes [33, 52]. A selectively neutral phe-
notype should show a random pattern of variation among populations, while nonrandom 
patterns suggest the occurrence of selection (if populations are demographically connected). 
In the case of a stable polymorphism (such as melanism), an important issue to be considered 
is the phenotype frequency across different landscapes [53] because in some cases ecological 
variables describing a species range can predict genetic patterns [33]. That is the exactly pat-
tern observed in leopards and jaguars, where the frequency is almost the same for both spe-
cies in natural populations, and the geographic distribution is nonrandom in the two cases. 
This scenario supports the hypothesis of natural selection acting under the frequency and 
occurrence of melanism in these animals.
In fact, this study has provided a characterization of the spatial distribution of melanism in leop-
ards and jaguars and demonstrated that such distribution is nonrandom. Recent analyses have 
indicated that melanism can reach very high frequencies in some leopard populations (e.g., 
Southeast Asia reported by [14]). In addition, there have been confirmed reports of melanistic 
leopards in India, Abyssinia, and Ethiopian Highlands, Java and Malaysia, Aberdare Mount 
Kenya, Highlands of Nepal, as well as a doubtful occurrence in South Africa [19, 26, 28, 54]. 
These observations are restricted to some areas and may support the hypothesis that melanism 
can provide an adaptive advantage in certain ecological conditions [5, 18]. At least four of the 
nine currently recognized leopard subspecies (based on [55]) are already cited in the literature 
as having confirmed records of melanistic animals: P. p. pardus, P. p. fusca, P. p. delacouri, and 
P. p. melas. However, the exact geographic range of this coloration phenotype has never been 
mapped in leopards in general, or in any of its subspecies.
Moist forests (especially in Southeast Asia) presented very high frequencies of melanis-
tic leopards (e.g., 39 of 71 individuals [55%] in Southeast Asia), and more than 80% of the 
black animals in our database, a fivefold increase relative to the expected number based on 
the overall number of records. Furthermore, we found no confirmed melanistic leopards in 
the Middle East, Arabian Peninsula, Central China, and Russian Far East (Figure 1), nor any 
mention in the literature as to the presence of melanism in these regions, indicating that this 
polymorphism is really absent from these areas. Overall, there was a significant reduction in 
the frequency of melanism in some biomes that consist of open habitats or temperate forests. 
There thus is a clear pattern in which melanism tends to increase in tropical/subtropical moist 
forests and decrease in open/dry or temperate habitats. Such a result supports the classical 
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hypothesis postulating an adaptive role for melanism, which would be favored in tropical 
and humid environments.
An alternative explanation is that variation in the melanism frequency could have been driven 
by demographic processes, including population structure and drift-induced differentiation. 
According to Ref. [55], significant geographic structure can be identified in leopards, indicat-
ing the existence of restricted historical gene flow among some portions of the range. This 
division formed the basis for currently recognized leopard subspecies, although in that study 
the authors noted that in some areas, such as African continent, Arabian Peninsula, Sri Lanka, 
and Java, the sampling was too sparse to identify clear-cut phylogeographic relationships. 
Nevertheless, the presence of demographic distinctiveness among at least the nine recognized 
species argues that such differentiation must be taken into account when comparing the fre-
quency of melanism among regions. Although the possibility that demography has influ-
enced the present-day frequency of melanism in leopards cannot be completely excluded, 
it is unlikely that it could explain most of the observed patterns, since each of the subspe-
cies’ ranges tends to contain a variety of habitats. Therefore, demographic effects caused by 
historical differentiation among subspecies would tend to obscure, rather than generate, the 
observed pattern of association between melanism and forested habitats.
Therefore, we consider that the most probable historical scenario for melanism in leopards 
is the emergence of the causative allele at a particular location and its dispersal through-
out much of the species’ distribution, suffering selection under the influence of varying 
environmental conditions in different landscapes, as well as genetic drift in some situa-
tions (e.g., founding of new populations during range expansion events). Since melanism 
in leopards is a recessive trait [12], it is plausible that its causative allele can disperse long 
distances over evolutionary time even across habitats where it could be selected against 
(e.g., deserts and grasslands). This is because the allele can remain “hidden” in heterozy-
gosity for many generations when it is at low frequency, while at the same it could be lost 
in some areas due to an effect of genetic drift. Another possibility is that melanism arose in 
leopards more than once.
When the distribution of melanism in leopards is examined more closely, Southeast Asia 
emerges as a particularly interesting region. Our data support the findings reported by 
[14] and [15], showing that melanism is almost fixed in areas south of the Isthmus of Kra 
(Thailand/Malaysia). This study obtained only two records of nonmelanistic animals south 
of the Isthmus, while in more northerly areas both phenotypes appear at similar frequen-
cies. This intriguing pattern may have been caused by some degree of demographic isola-
tion across the Isthmus, which is consistent with the hypothesis that in the past (during the 
Last Glacial Maximum period, between 20,000 and 25,000 years ago, [56]) it operated as an 
effective ecological barrier restricting gene flow for several organisms. The fact that present-
day landscapes appear to be similar on both sides of the Isthmus argue for a demographic, 
rather than selective explanation of the high frequency of melanism in the southern portion. 
However, the analysis of environmental predictors that influence the distribution of leopards 
in Southeast Asia revealed that moisture is the main factor that induces the presence of mela-
nism, without correlations with landscape features (vegetation index). Given the observed 
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support for an increased frequency of melanism in moist forests areas, it is interesting to dis-
cuss its potential causes in the light of classical hypotheses suggesting a selective advantage 
related to thermoregulation [57] in leopards.
The most part of melanistic jaguars was recorded in South America, especially in Brazil, 
Ecuador, and Peru territories. The species potential distribution map and melanism distribu-
tion map indicate a high habitat suitability in moist areas. As we know, the Amazon region 
has a large size and high population density of jaguars and can be considered a core habitat for 
the species [58]. In addition, the Brazilian Atlantic Forest region, despite the recent population 
decline [59–61] and the local loss of genetic diversity in jaguars [62], still has remaining popu-
lations. The presence of melanism in Brazilian moist and dry forests and Cerrado areas had 
already been documented and can reach high local frequencies in some remnant areas [44, 63]. 
In contrast, flooded grasslands and savanas such as Pantanal (Brazil) and Llanos (Colombia/
Venezuela) present no records of melanistic jaguars, indicating that this polymorphism is 
really absent in these areas.
Although jaguars are often documented in North and Central Americas [19], there were his-
torically only four records of melanistic individuals in these regions. The only record of mela-
nism from North America prior to this study was a black female photographed in 2004, in the 
El Fuerte River Valley, near Sinaloa, Mexico [64]. In Central America, there are two records of 
melanistic animals from Belize: Ek Balan and El Rancho Grande River (previously reported 
as possible by [43]), and one record from Costa Rica [65]. Remaining populations of the spe-
cies have been recently identified in the northern portion of its distribution, in the southern 
United States [66, 67], but there has been no record of melanism in these areas. The generated 
models showed high suitability for melanism occurrence in Belize and Costa Rica and low 
suitability in Mexico.
Previous studies have shown that jaguars possess low levels of geographic structure on a 
wide range of scale [46]. Phylogeographic analyses indicated that there were no impassable 
historical barriers to gene flow throughout the species’ range. Only a few historical barri-
ers to dispersal were inferred at this scale, such as the Amazon River, whose influence was 
much stronger on the female-inherited mitochondrial DNA than on nuclear markers. These 
results suggested that the species has behaved historically almost as a panmictic popula-
tion, which argues against the possibility that founder effects and/or high genetic drift at a 
regional scale could have induced the observed nonrandom patterns in the distribution of 
melanism. Moreover, there is so far no evidence of historical bottleneck events [46], which 
could have exacerbated genetic drift and thus lead to large scale increases in the frequency 
of melanism. In this context, it may be noted that melanism is present with high suitability 
on both sides of the Amazon River, suggesting that it has not been affected by the histori-
cal (albeit incomplete) restriction to gene flow inferred with molecular markers. Given these 
considerations, this study conclude that the most probable scenario is the jaguar melanism 
allele arose at a particular location and dispersed throughout the species’ distribution, with 
its regional frequency being influenced at least partially by natural selection related to envi-
ronmental predictors that vary across different landscapes. In conclusion, the geographic 
variation observed here provides evidence for the existence of natural selection in this system 
and provides some hints as to its nature.
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5. Conclusions
Given the current genetic evidence indicating that population structures in leopards and jag-
uars have historically comprised a broadly connected population across its distributions, it 
would be expected to find a random distribution pattern of melanism throughout their ranges 
if this variant was selectively neutral. The results of this study indicate that this is not the case 
and demonstrate that its distributional pattern is nonrandom. Although the observed punctual 
cases of increased frequency of melanism may be indeed derived from recent drift-induced 
shifts in locally isolated populations, we do not find support for a drift-based explanation for 
the observed pattern, and thus favor a scenario implying an effect of natural selection under 
polymorphic phenotypes in big cats such as melanism. Moreover, the suitability maps gener-
ated here showed differences in the distribution of melanistic records relative to the ancestral 
phenotype (spotted) and suggested that at least some of the underlying differences could be 
related to environmental predictors, possibly to thermoregulation issues. Overall, this study 
contributed to address a question that has circulated anecdotally for almost 200 years in the 
scientific literature but remained blurred in zoology, particularly in wild felids. The results 
open up new avenues for investigating this polymorphism in other mammal species. In this 
context, it is relevant to note that the ecology of some species can drive genetic diversity, and 
phenotypes in natural populations can present spatial patterns of variation associated with 
adaptation to some environments, regulated by natural selection. By connecting coloration 
diversity to environmental information which may have a direct or indirect influence on the 
adaptive significance of coat color variants, it is possible to investigate evolutionary processes 
involved in the generation and maintenance of polymorphic phenotypes in nature.
Acknowledgements
Lucas G. da Silva would like to thank Eduardo Eizirik, Ronaldo Morato, Laury Cullen 
Jr., Benoit DeThoisy, Emiliano Ramalho, Esteban Payán, Leandro Silveira, Edsel Amorim 
Jr., Rony Garcia-Anléu, José Moreira Ramirez, Kae Kawanishi, Agustin Paviolo, Philipp Henschel, 
Andrew Kittle, Arezoo Sanei, Dale Miquelle, Andrew Stein, Anjali Watson, Bruce Kekule, 
Ricardo Machado, Katia Barros Ferraz, Francesca Palmeira, Taiana Haag, Daniel Rocha, Tiago 
Freitas, Rogério Cunha de Paula, Alexandre Uezu, Micheline Vergara, Kristofer Helgen, Eileen 
Westwig, Esther Langan, Renata Bornholdt, Linda Gordon, Danis Sana, Analice Calaça, Samuel 
Perez, Alexandre Vogliotti, Marina Silva, Flavia Conde, Leonardo Viana, Carlos Benhur Kasper, 
Beatriz Beisiegel, João Feliz Moraes, Thaiane Weinert, Milind Pariwakam, Biswajit Mohanty, 
Kashmira Kakati, Anhar Harahap, Vidya Atreya, Jane Budd, Arash Ghoddousi, Ezekiel 
Fabiano, Peter Crawshaw Jr., Alexander Reebin, Guy Balme, David Stanton, Yury Shibnev, 
Dipankar Ghose, João Feliz Moraes, Martín Alejandro Montés, and Mario DiBitteti for loca-
tion records and/or scientific support; to American Museum of Natural History, Smithsonian 
Institution, Jaguar Conservation Fund, Instituto Pro-Carnivoros, CENAP ICMBio Brazil, 
Instituto Mamirauá, Panthera, Wildlife Conservation Society, World Wild Fund, Asian Leopard 
Specialist Group, Cape Leopard Trust, IUCN Cat Specialist Group, Instituto Biotrópicos, and 
PUCRS for scientific support; and to CNPq/Brazil and FACEPE for financial support.
Ecology and Evolution of Melanism in Big Cats: Case Study with Black Leopards and Jaguars
http://dx.doi.org/10.5772/intechopen.69558
105
Author details
Lucas Gonçalves da Silva1,2*
*Address all correspondence to: lucas_gonc@yahoo.com.br
1 Federal Rural University of Pernambuco, UFRPE, Brazil
2 Pontifical Catholic University of Rio Grande do Sul, PUCRS, Brazil
References
[1] Gloger CWL. Das abändern der vögel durch einfluss des climas [The evolution of birds 
through the impact of climate]. Breslau: August Schulz; 1833
[2] Poulton EB. The Colors of Animals, their Meaning and Use, Especially Considered in the 
Case of Insects. London: Kegan Paul, Trench & Trübner; 1890
[3] Beddard FE. Animal Coloration: Color and Markings of Animals. 2nd ed. London: Swan 
Sonnenschein; 1985
[4] Cott HB. Adaptive Coloration in Mammals. London: Methuen, United Kingdom; 1940
[5] Majerus MEN. Melanism - Evolution in Action. Oxford University Press, United 
Kingdom; 1998
[6] Caro T. The adaptive significance of coloration in mammals. BioScience. 2005;55(2):125-136
[7] Eizirik E, O’Brien SJ. Evolution of the melanism in the Felidae. Cat News. 2003;38:37-39
[8] Nachman MW, Hoekstra HE, D'Agostino SL. The genetic basis of adaptive melanism in 
pocket mice. Proceedings of the National Academy of Sciences USA. 2003;100:5268-5273
[9] Hoekstra HE. Genetics, development and evolution of adaptive pigmentation in verte-
brates. Heredity. 2006;97:222-234
[10] Ortolani A, Caro T. The adaptive significance of color patterns in carnivores. In: Gittleman 
JL, editor. Carnivores Behavior, Ecology and Evolution. Vol. 2. Cornell University Press; 
1996
[11] Eizirik E, Yuhki N, Johnson WE, Raymond M, Hannah SS, O’Brien SJ. Molecular genet-
ics and evolution of melanism in the cat family. Current Biology. 2003;13:448-453
[12] Schneider A, David VA, Johnson WE, O’Brien SJ, Barsh GS, Maymond MM, Eizirik E. 
How the leopard hides its spots: ASIP mutations and melanism in wild cats. Plos One. 
2012;7:e50386
[13] Schneider A, Henegar C, Day K, Absher D, Napolitano C, Silveira L, David VA, O'Brien 
SJ, Raymond MM, Barsh GS, Eizirik E. Recurrent evolution of melanism in South 
American felids. Plos Genetics. 2015;10:e1004892
Big Cats106
[14] Kawanishi K, Sunquist ME, Eizirik E, Lynam AJ, Ngoprasert D, Wan Shahruddin WN, 
Rayan DM, Sharma DSK, Steinmetz R. Near fixation of melanism in leopards of the 
Malay Peninsula. Journal of Zoology. 2010;282(3):201-206
[15] Hedges L, Lam WY, Arceiz AC, Rayan DM, Laurance WF, Latham CJ, Saaban S, Clements 
GR. Melanistic leopards reveal their spots: Infrared camera traps provide a popula-
tion density estimate of leopards in Malaysia. The Journal of Wildlife Management. 
2015;79:846-853
[16] Allen WL, Cuthill IC, Samuel NE, Baddeley R. Why the leopard got its spots: Relating 
pattern development to ecology in felids. Proceedings of the Royal Society: Biological 
Sciences. 2010;277, online
[17] Ulmer FA. Melanism in the Felidae, with special reference to the genus Lynx. Journal of 
Mammalogy. 1941;11:185-188
[18] Majerus MEN, Mundi NI. Mammalian melanism: Natural selection in black and white. 
Trends in Genetics. 2003;19(11):585-588
[19] Sunquist M, Sunquist F. Wild Cats of the World. University of Chicago Press, United 
States; 2002
[20] Jacobson AP, Gemgross P, Lemeris JR, Schoonover RF, Anco C, Breitenmoser C, Durant 
SM, Farhadinia MS, Henschel P, Kamler JF, Laguardia A, Garcia S, Stein AB, Dollar 
L. Leopard (Panthera pardus) status, distribution, and the research efforts across its range. 
PeerJ. 2016;4:e1974
[21] Sanderson EW, Redford KH, Chetkiewicz CB, Medellin RA, Rabinowitz A, Robinson 
JG, Taber AB. Planning to save a species: The jaguar as a model. Conservation Biology. 
2002;16(1):58-72
[22] Haag T, Santos AS, Valdez FP, Sana D, Silveira L, Cullen Jr. L, De Angelo C, Morato RG, 
Crawshaw Jr. PG, Salzano F.M, Eizirik E. Molecular tracking of jaguar melanism using 
faecal DNA. Conservation Genetics. 2010;11(3):1239-1242
[23] Nelson EW, Goldman EA. Revision of the jaguars. Journal of Mammalogy. 1933;14(3): 
221-240
[24] Robinson R. Homologous genetic variation in the Felidae. Genetica. 1976;46:1-31
[25] Dittrich L. Die verenbung des melanismus beim jaguar (Panthera onca). Zoologische 
Garten. 1979;49:417-428
[26] Silva LG. Análise da distribuição espacial do melanismo na família Felidae em função de 
condicionantes ambientais. [PhD dissertation]. Pontifícia Universidade Católica do Rio 
Grande do Sul; 2014
[27] Silva LG, Oliveira TG, Kasper CB, Cherém JJ, Moraes Jr. EA, Paviolo A, Eizirik E. 
Biogeography of polymorphic phenotypes: Mapping and ecological modelling of 
coat colour variants in an elusive Neotropical cat, the jaguarundi (Puma yagouaroundi). 
Journal of Zoology. 2016;299:295-303
Ecology and Evolution of Melanism in Big Cats: Case Study with Black Leopards and Jaguars
http://dx.doi.org/10.5772/intechopen.69558
107
[28] Silva LG, Kawanishi L, Henschel P, Kittle A, Sanei A, Reebin A, Miquelle D, Stein AB, 
Watson A, Kekule LB, Machado RB, Eizirik E. Mapping black panthers: Macroecological 
modeling of melanism in leopards (Panthera pardus). Plos One. 2017;12(4): e0170378
[29] Silva LG, Payán E, Crawshaw Jr. PG, Silveira L, Cullen Jr. L, Morato RG, Moraes Jr. EA, 
Ramirez JM, DeThoisy B, Anléu RG, Ramalho EE, Sana D, Eizirik E. A biogeographic 
assessment of jaguar (Panthera onca) melanism: Ecological modeling reveals evidences 
of adaptive differences in distinct biomes. In review. 2017
[30] Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell GV, Underwood EC, 
D’Amico JA, Itoua I, Strand HH, Morrison JC, Loucks CJ, Allnutt TF, Ricketts T, Kura Y, 
Lamoreux JF, Wettengel W, Hedao P, Kassem KR. Terrestrial ecoregions of the world: A 
new map of life on earth. BioScience. 2001;51:933-938
[31] Kumar S, Stohlgren TJ. Maxent modeling for predicting suitable habitat for threatened 
and endangered tree Canacomyrica monticola in New Caledonia. Journal of Ecology and 
Natural Environment. 2005;1:94-98
[32] Raes N, Roos MC, Slik JWF, Van Loon EE, Steege H. Botanical richness and endemicity 
patterns of Borneo derived from species distribution models. Ecography. 2009;32:180-192
[33] Mukherjee S, Krishnan A, Tamma K, Home C, Navya R, Joseph S, Das A, Ramakrishnan 
U. Ecology driving genetic variation: A comparative phylogeography of jungle cat (Felis 
chaus) and leopard cat (Prionailurus bengalensis) in India. PlosOne. 2010;5(10):e13724
[34] Philips SJ, Anderson RP, Schapired RE. Maximum entropy modeling of species geo-
graphic distributions. Ecological Modeling. 2006;190:231-259
[35] Waltari E, Hijmans RJ, Peterson AT, Nyari AS, Perkins SL, Guralnick RP. Locating 
Pleistocene refugia: Comparing phylogeographic and ecological niche model predic-
tions. PlosOne. 2007;7:e563
[36] Philips SJ, Dudik M. Modeling of species distributions with Maxent: New extensions 
and a comprehensive evaluation. Ecography. 2008;31:161-175
[37] Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ. A statistical explanation of 
MaxEnt for ecologists. Diversity and Distributions. 2010;17:43-57
[38] Merow C, Smith MJ, Silander JA. A practical guide to Maxent for modeling species’ distri-
butions: What it does, and why inputs and settings matter. Ecography. 2013;36:1058-1069
[39] Pearson RG. Species’ Distribution Modeling for Conservation Educators and 
Practitioners. American Museum of Natural History Press, United States; 2007
[40] Ferraz KMPMB, Ferraz SFB, Paula RC, Beisiegel B, Breitenmoser C. Species distribution 
modeling for conservation purposes. Natureza & Conservação. 2012;10(2):214-220
[41] Calabrese JM, Certain G, Kraan C, Dormann CF. Stacking species distribution models 
and adjusting bias by linking them to macroecological models. Global Ecology and 
Biogeography. 2013; 23:99-112.
Big Cats108
[42] Plackett RL. Karl Pearson and the chi-squared test. International Statistical Review. 
1983;51(1):59-72
[43] Meyer JR. Black Jaguars in Belize? A Survey of Melanism in the Jaguar (Panthera onca) 
[Internet]. 1994. Available from: http://biological-diversity.info/Black_Jaguar.htm (Accessed: 
01-September-2013)
[44] Perez SEA. Ecologia da onça-pintada nos parques nacionais Serra da Capivara e Serra 
das Confusões, Piauí. [PhD dissertation] Brasília University; 2008
[45] Silveira L, Jácomo ATA, Astete S, Sollmann R, Tôrres NM, Furtado MM, Marinho-Filho 
J. Density of the near threatened jaguar Panthera onca in the Caatinga of north-eastern 
Brazil. Fauna & Flora International Oryx. 2009;44:104-109
[46] Eizirik E, Kim JH, Raymond MM, Crawshaw Jr. PG, O’Brien SJ, Johnson WE. 
Phylogeography, population history and conservation genetics of jaguars (Panthera onca, 
Mammalia, Felidae). Molecular Ecology. 2001;10:65-79
[47] Guisan A, Zimmermann NE. Predictive habitat distribution models in ecology. Ecological 
Modelling. 2000;135:147-186
[48] Carnaval AC, Moritz C. Historical climate modelling predicts patterns of current biodi-
versity in the Brazilian Atlantic forest. Journal of Biogeography. 2008;35:1187-1201
[49] Loiselle BA, Graham CH, Goerck JM, Ribeiro MC. Assessing the impact of deforestation 
and climate change on the range size and environmental niche of birds species in the 
Atlantic forests, Brazil. Journal of Biogeography. 2010;37:1288-1301
[50] Futuyma DJ. Evolution. 2nd ed. Sinauer Associates Inc., United States; 2009
[51] Kreitman M. Methods to detect selection in population with application to the human. 
Annual Reviews of Genomics and Human Genetics. 2000;01:539-559
[52] Lande R. Natural selection and random genetic drift in phenotypic evolution. Evolution. 
1976;30:314-334
[53] Novembre J, DiRienzo A. Spatial patterns of variation due to natural selection in humans. 
Nature Genetics. 2009;10:745-755
[54] Thapa K, Pradhan NB, Barker J, Dhakal M, Bhandari AR, Gurung GS, Rai DP, Thapa 
GJ, Shrestha S, Singh GR. High elevation records of a leopard cat in the Kangchenjunga 
conservation area, Nepal. Catnews. 2013;58:26-27
[55] Uphyrkina O, Johnson WE, Quigley H, Miquelle D, Marker L, Bush M, O'Brien SJ. 
Phylogenetics, genome diversity and origin of modern leopard, Panthera pardus. 
Molecular Ecology. 2001;10:2617-2633
[56] Clark PU, Dyke AS, Shakun JD, Carlson AE, Clark J, Wohlfarth B, Mitrovica JX, Hostetler 
SW, McCabe AM. The last glacial maximum. Science. 2009;325:710-714
Ecology and Evolution of Melanism in Big Cats: Case Study with Black Leopards and Jaguars
http://dx.doi.org/10.5772/intechopen.69558
109
[57] Burtt EH, Ichida JM. Gloger’s rule, feather-degrading bacteria, and color variation 
among song sparrows. The Condor. 2004;106:681-686
[58] Tobler MW, Percastegui SEC, Hartley AZ, Powell GVN. High jaguar densities and 
large population sizes in the core habitat of the southwestern Amazon. Biological 
Conservation. 2013;159:375-381
[59] Paviolo A, DeAngelo C, DiBlanco Y, DiBitteti M. Jaguar Panthera onca population decline 
in the upper Paraná Atlantic forest of Argentina and Brazil. Fauna & Flora International 
Oryx. 2008;42(4):554-561
[60] Galetti M, Eizirik E, Beisiegel B, Ferraz KMPMB,Cavalcanti S, Araujo AC, Crawshaw Jr. 
PG, Paviolo A, Galetti Jr. PM, Jorge ML, Marinho-Filho J, Vercillo U, Morato RG. Atlantic 
rainforest’s jaguars in decline. Science. 2013;342:930
[61] Paviolo A, DeAngelo C, Ferraz KMPMB, Morato RG, Pardo JM, Araujo ACS, Beisiegel 
B, Lima F, Sana D, Silva MX, Velazquez MC, Cullen Jr. L, Crawshaw Jr. PG, Jorge ML, 
Galetti Jr. PM, DiBitetti M, Paula RC, Eizirik E, Aide TM, Cruz P, Perilli ML, Souza 
ASMC, Quiroga V, Nakano E, Pinto FR, Fernandez S, Costa S, Moraes Jr. EA, Azevedo 
F. A biodiversity hotspot losing its top predator: The challenge of jaguar conservation in 
the Atlantic forest of South America. Scientific Reports. 2016;6. doi: srep37147
[62] Haag T, Santos AS, Sana D, Morato RG, Cullen Jr. L, Crawshaw Jr. PG, DeAngelo C, 
DiBitteti M, Salzano FM, Eizirik E. The effect of habitat fragmentation on the genetic struc-
ture of a top predator: Loss of diversity and high differentiation among remnant popula-
tions of Atlantic Forest jaguars (Panthera onca). Molecular Ecology. 2010;19(22):4906-4921
[63] Cullen Jr. L, Abreu KC, Sana D, Nava AF. As onças-pintadas como detetives da paisa-
gem no corredor do Alto Paraná, Brasil. Natureza & Conservação. 2006;3(1):43-58
[64] Dinets V, Polechla Jr. P. First documentation of melanism in a jaguar from northern 
Mexico. Cat News. 2007;42:17
[65] Bolaños CS, Montalvo V, Fuller TK, Carrillo E. Records of black jaguars at Parque 
Nacional Barbilla, Costa Rica. Cat News. 2015;62:38-39
[66] Grigione M, Scoville A, Scoville G, Crooks K. Neotropical cats in southeast Arizona 
and surrouding areas: Past and present status of jaguars, ocelots and jaguarundis. 
Mastozoología Neotropical. 2007;14(2):189-199
[67] McCain EB, Childs JL. Evidence of resident jaguars (Panthera onca) in the southwest-
ern United States and the implications for conservation. Journal of Mammalogy. 
2008;89(1):1-10
Big Cats110
